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Abstract; The intensive mining activities, industrial sewage discharges and agricultural sewage irrigations lead to
large amounts of arsenic (As) entering into soils, inducing increased soil As pollution. Arsenic and phosphorus (P),
belonging to the same group, exhibit similar chemical properties and behaviors. Arsenic is taken up by plants via
root P transporters. After entering into plants, As competes and replace P in compounds, and binds with sulthydryl
groups causing protein inactivation, affecting plant growth and normal physiological metabolism. However, studies
showed that As at specific levels affected plant physiological processes and plant growth. Therefore, this paper re-
views the differences of As content and distribution in plants, illustrates the effects and mechanisms of As on plant
biomass, nutrient uptake, growth or metabolism-related physiological and biochemical indexes (endogenous hor-
mones, photosynthesis parameter, malondialdehyde, antioxidant enzymes, and osmotic substances), and rhizosphere

properties and microbial community of plant growth promotion bacteria. The information helps to better understand
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the mechanisms for As-promoted plant growth in hyperaccumulators, and provides theoretical supports to develop

strategies to improve plants As detoxicity and resistant ability.

Keywords: arsenic; biomass; nutrient uptake; physiological-biochemical characteristics; mechanism

i(As) ) Z AR B R 2k 4 Y, &
As T HIRAL KWK R K I A5 SR AR AT
MR ALZ I A 7 R0 A NS stk A £ 5T
R, 5 As {5 B H 2558 P As 78 T3
FEHLITCHL As TERAEAES, TTHL As B S8
R0 As JEBEP) YA E 0 MR ER (As(V))
WIS YR R P Feis 8 AP ™, x4 A

KA KIES)

Atmospheric, volcanic activity

gy

PN W YN S5
Mining, industry and other human
activities

'

rcaria

WK M A
G/ RS
Inland water, ocean, rock,

biosph h -
10sphere exchange toxicity

— e As(IYREME>As(V )REMES A LR
(MMA, DMAZ%)#1:
General As(Il) toxicity > As(V) toxicity

> Organic As (MMA, DMA, etc.)

K& B HEARES(E 1), #EAHLH As(V)3E
e B 20 Y U W 8 2 = B R (adenosine triphos-
phate, ATP)"H i) P, B AT E LG Y, 5 240 ™
AEIE 51 A R £R (As (D)) B 1 5 5, X 3 3
(—SH)M R SE M g pke g As (1) AT 5 & F 5T F il
th—SH 454, I A 4 I AR A A% R (deoxyribonu-
cleic acid, DNA), T4E 4 it 1F 7 A A fb AR

HIURTE, YRR, THHE SR
JLERW ., WIOERSE ., Afbhia |
AT AR Z 0 4E
Tissue necrosis, biomass reduction,
interference with nutrient absorption,
destruction of photosystem, oxidative stress,
physiological and biochemical metabolism
inhibition, etc.

ERER,
R

Growth
restriction,
even death

L AR
ENE (L
LIPS e
LA K

SRR B B 9 AR E R L By producing
Influence the composition of plant hormones,

o VAR JEE R T
High concentration of As

[EEZINERS
Plant growth

rhizosphere and endophytic dissolving P,
microbial community changing
the form of As

and so on, the
body growth

is affected

— B R EE (¥R
A certain
concentration of As

AR, AR R
A AR 4R e 4
The biomass increased, the growth
rate accelerated, the level of
physiological and biochemical

metabolism improved, etc.

g m
B 1 wRE kIR R XHEY R R

H: MMA 6718 B IERR B, DMA 378 AR =k &9,
Fig. 1

Note: MMA stands for sodium methylararsenate, and DMA stands for sodium dimethylararsenate trihydrate.

Arsenic sources and effects on plants

45 JE XA AR A T 3R I ORI -
FeZ, BN 2E W) 0 %% N (hormesis) ; 76 AIG Hk JE B(E 78
L o 45 A 2 IR ), L7 vy R JRE R {1 L o
JENSANHIAEY, As KR A KR AR BRAE ALY 52
Mol 7E SR AR B A6 25 0 RO, 38 R e 3R
U B AR B2 I8 B — o A A ) A A iR A
FH v e B2 5 2 B0 A 0 A K i 2 VR T
Fi& T8 As & 38N, /KM ( Typha angustifolia) 5
I RUIHAR R AR TR A K s hn 3R 2
HAJE DR A A, As Jiai X 7K e A R B v 0 1
YERY TRE ST KB, As WY A K IRFEAEAR Ik

V3 TG 2 5 ), AR ) S A AR K A S5 R As
WEHO mg- L' FF £ 15 mg- L' i K4 (Hordeum
vulgare) AR FIAR & Az K 32 908 W I ; =5 W BE As
(30 mg- L") fili KA R AR R AR AR B 4B K 2
B, BeAh A 5 T 4 JE a5 A S SR u R
AR 021 LR o3P 2 A i A R 2 T HE LA
K, SRR,

MY A B AR IE (N TR R A S5 R
/¥ (malondialdehyde, MDA) i S AL [iF 15 1% ¥ I 45)
INEZ 3] As e 52 DI & A el A A 0 B3R X
YK AT BA EZ N REER, 20
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G345 BI R e A AR A 2F A T, H v A R 3R g b
.M (indoleacetic acid, IAA)REIE A M E K AR &
W WHA TS IAA S EZHEY A SR KA A E
B, A ERRAE Y A A 0 A A
HVEF O CRE AT e 2 A DL TR B A &
AR PFNAE I A SRR RE . DG ST
S WRSGA AR R B2 ] 422 2 e ) E i 18 A= R
B A FRBE OT A (0 A ) 4 2 A K R AR
(reactive oxygen species, ROS)™! ROS F & = 4= fif
AALIIA S S A2, 5| sk E A E T P2 ) MDA
TR 4121 ROS B & TR AN A A Pk
1L B (superoxide dismutase, SOD). id & 1L ¥
(peroxidase, POD) , i %A 1k & [if# (catalase, CAT) F1HT
R AR 1k S AL ¥ Bl (ascorbate peroxidase, APX)5% 4T
SRR )T P TR P ML AR o 3 R e AR A il
PiRe A R BEACPPE R, 0 PREE IR AT R
SRR B, 3G h02 2 ) 5T (AN P s VR | AT v PR AR
H &R (proline, Pro)4%) & i, i i A5 E A= W) K 73
FIEH A BREE R RN D) R84 7 TG R A EE e 1 Y
I AN [RIFE AT As i 52 1 22 S5 S BOH 3R 40 IR I
AR PR A8 B e W A7 AE 22 5

TR BRI 358 (A 9 AR 5 A0 EAE % G
SEHbAT , As T 5 A0 B TR D REOR R A
AAE T AR kA B 38 175 5 A 0 41 A= 1T (plant
growth promoting bacteria, PGPB)=F & A& fk [] $ 52 )
YR A C Sk ) 2 R AR R HLERT = 451
a 7% JE 1 (Alphaproteobacteria) . I ¥T 5 ( Enterobacter
sp.) MLFF 5 (Sanguibacter sp.) 558 13 & 1 IAA 70
BRERAR IR AR SR AR,

ARSCLRR As MY A Y B IR TE WL A
HAACIEAR(IAA DG 28 MDA LA ML 8 5
W J50) AR B PR 45 AR AR T A= 0 5 e i A5 R DA
WM ERAR As XHAE ) A 10 5% e 2 B R IR 3 e 4
FEA AR B HL T R AL AR

1 MEEVEANSE. SHRNEYENZN
( Arsenic content, distribution and effect on bio-
mass in plants)
L1 BPFEAEY RN 05 i 5 o A

HE LY As EETHR A, I8 As 5
<10 mg-kg™", 5] W FE JN( Cucurbita moschata) R Z
As i B E T H EEE87% vs. 13%) T B AR
A W) R WA B (Pteris vittate) i I As & & 0] 1A
22 816 mg-kg'®. HiZE 1 AJHI As 2 S (250 mg-

kg™ F1 500 mg - kg™ )R #A % 3B Z # (translocation
factor, TF)}y 104 A1 9454, ity 55 [ Jag Bk A M 15 A
KU % (Pteris umbrosa)As AbFEJ5 (0 ~ 600 mg-L ™" )§%
B2 >1, %W P umbrosa IR Al iz As® R

B8 = (Panax notoginseng)®" .

(Phragmites australis)
JKJRP [ 3 (Brassica rapa)™ 5 %5 ( Vallisneria na-
tans)™  /NFZ (Triticum aestivum)*" | % - % (Elymus
sibiricus) 75 M 5L( Vetiveria zizanioides)™ %554 32 25
<1, KUK ZHPIXT As iz (%, FEERTHT
i, AR RAEY TR As =80 s e
1.2 A AR ) AR A i 1 2 e
PRI, —EWE As(0.1 mg-kg " )fE#
FERE AIERL RN R4 B AR R R B As(>5
mg-kg LR/ i a4 | kAL A R 2R
7 RAT S IRAE | EARA K Z O R RIS 3
Y As XA 4 A= K HAT WU M, — o Wk BV T N AT 412
HEREP AR B v B A A= 2 BT
YR A LI As AbBEJS AR FE YR R AW
HAAETEZE S As AR PH(0 ~ 100 mg-kg )i
EWAEAYRM 11 g- b HE 173 gtk RS
026 g-kk™";As AEFH(0 ~200 mg-kg ") Al 2 25 M
AR B E(P<0.05); As AL PO ~30 mg-L™")
AR R YRR 049 g- B TE RUZSS R11
Al IR R AN AR AR R X As TR 22 7GR 1),
XL R T As Zb P45 mg kg™ 1180 mg
sk ™) A B b b AR AR ) 4 ™ 400 mg - L
As AbHEIRAE P umbrosa MY w0 1.62 g- KR,
600 mg- L™ b B A= My i FEARS R W] As 55 P umr
brosa " RKAFAE—FI R TR O FR o R 7K Bl FTA% 1Y)
WS IR K B RN O &R As AR PR (0 ~ 150 mg -
kg KB AR A 152 g-#k ", 200 mg
~kg AL BEA: Yy i E R AR (P<0.05) s As b FH(O ~
10 mg- L™ ")XF#%( Eucalyptus robusta) s JC . 2 5 Wi,
30 mg- L™ AbBEA: Wy ik B R R(P<0.05) (3 1), £ W
—EVR Y As AL 3T ff kb AR Y B A
BEI 2 M, w5 As AR FH (180 mg- kg
400 mg- L™ )IRMA TR P umbrosa M W) i ok i 2 %
I, 2B As 32 i T KRR SR ) e 8 i (T
FE W IX R A AR A As T2 BIALE 2 — .
—E As WRJE N ET-F T K(Zea mays)" B
F B (Lolium perenne)™ 3¢ > (Brassica parachinen-
sis)" A )RR 1 S AR M — e VR S AR
B EFRAUE As T FROVHRITEE 1), As ek
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Table 1  Arsenic distribution in plants and its effect on plant biomass

I As W bR As EE MU AR As S H
e As T K As B T~ As EEE YR B

; Amg-kg™! Mg B! Apg- B! im B R -
LER/E LS ( gA &) (e ) (e ) ; Biomass/(g-plant™") 225 ik
. Soil As Aboveground Underground Translocation
Plant species Reference
content As content As content factor g
Ui £ it
. -1 . -1 . -1
f(mg-kg™") Ang-plant™) Ang-plant™) Root Stem  Leaves
- 0 0.82 049 1.67 1.11 135 272
i
. 10 819 65.6 124 1.73 1.19 372
Elymus sibiricus
100 858 250 034 026 0.14 038 2]
0 0.77 055 140 3.11 1.19 2.65
i
. 7;? ‘ﬁ . 10 42.1 286 147 3.07 094 223
Vetiveria zizanioides
100 80.7 279 029 285 1.15 1.94
T3 As F i i HB As HR As & it
i S S s T )
/(mg-kg™) /(mg-kg™") (mg-kg™) iz 724 . O e
) . Biomass/(g-plant™) EE BTN
Soil As Aboveground Underground Translocation
tent A tent A tent fact Reference
con en_1 s con e_rll s con e_111 actor o Wb 12
Amg-kg™") Amg-kg™") A(mg-kg™") Root Aboveground
0 912 111 822 - -
250 22 816 220 104 - - [34]
EL A B 500 31 335 333 94.0 - -
Preris vittata 0 5.19 146 355 8.01 9.99
45 265 192 138 534 18.1 [45]
180 2 936 225 130 3.84 139
0 0.90 1.71 053 751 840
J=E 50 6.62 123 0.54 752 9.01 B6]
Phragmites communis 100 743 175 042 749 831
200 7.70 21.7 035 746 8.19
0 0.90 240 038 642 102
50 393 520 0.76 6.11 119
K Jh
o 100 10.1 342 030 7.63 126 [46]
Typha angustifolia
150 27.1 188 0.14 103 152
200 995 511 0.19 3.74 730
I As W EES As it MFER As Bt
(mg-kg™! /(mg-kg™' (mg-kg™' LISTE S - o
(me-ke ) (me-ke ) (me-ke ) . R S e e
Soil As Aboveground Underground Translocation
Biomass/(g- plant™") Reference
content As content As content factor
Amg-kg™) /(mg-kg™") /(mg-keg™")
0 0.09 058 0.16 798
=tk 80 0.13 135 0.10 796 B37]
Panax notoginseng 140 0.17 1.65 0.10 6.88
200 023 253 0.10 6.01
0 621 12.1 0.51 425
7Kt 50 134 555 024 36.7 38]
Typha angustifolia 100 124 447 028 442
200 78.8 240 033 284
o 0 0.002 022 001 -
- 100 0.04 049 0.01 - [39]

Brassica rapa
200 0.19 13.1 0.01 -
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2k
N i Yk RE Y PS=R >y P =N
I As (_7{1%52 b R As_? (1 i As_lﬁ it o e )
AR Amg-L™) fmg-#R&™H) Amg- k) 55 Z 4L Biomass/(g-plant™") Sk
. Solution As Aboveground Underground Translocation ]
Plant species . Reference
concentration As content As content factor ol 2y TS
[(mg-L7") /(mg-plant™") /(mg-plant™) Root  Stem  Leaves
0 1.87 049 382 104 232 626
100 242 161 1.50 841 251 6.05
PR RUZ R
. 200 434 228 1.90 987 250 7.63 [35]
Pteris umbrosa
400 6.02 359 1.68 9.01 237 788
600 891 5.80 1.54 551 230 547

N i Yk BE . P =1 L. =
VWL As W B As i MU As i AR bR

. -1 . -1 . -1 YN ¥
fmg-L™) Amg-kg™) fmg-kg™) B AA Biomass/(g-plant™") Bk
Solution As Aboveground Underground Translocation
. Reference
concentration As content As content factor i o nt
Amg-L™") Amg-kg™) A(mg-kg™) Root  Stem  Leaves
0 191 1.15 1.66 0.86 123 3.17
5 40.5 135 0.30 0.76 125 298
Fi¢
10 48.6 293 0.17 0.75 132 2.88 [44]
Eucalyptus robusta
20 64.6 294 022 0.64 1.10 2.09
30 793 315 025 049 0.33 1.10
YR E vz BF Ly 5y AL ey A B
W As (iU;Z b B Asi? o MR As,lﬁi . KW e B
/(mg-L™") /mg-kg™) /(mg-kg™) Heid AL Biomass/(g-plant™") B
Solution As Aboveground Underground Translocation .
. Reference
concentration As content As content factor i b, 3B
/(mg-L™") /(mg-kg™") /(mg-kg™") Root Aboveground
0 199 693 0.03 - -
S 0.1 684 490 0.14 - -
L [40]
Vallisneria natans 05 118 990 012 _ _
1 177 1 150 0.15 - -
Rk 0686 0.0004 - - - 916 929
Nannong 0686 0.001 10.1 551 0.02 884 909
M 0.0004 - - - 88.9 88.8
Triticum MV964091 [41]
aestivum 0.001 109 664 0.02 85.7 859
FH9 B 0.0004 - - - 915 912
Ningmai No.9 0.001 842 352 002 766 797
0 10.1 239 042 0.61 0.84
- 0375 345 178 0.19 0.39 090
A R
Lolium perenne 0.75 794 306 026 038 0.67 [48]
1.875 163 809 020 031 0.58

375 376 1438 026 032 031
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2k
NOITE Yk RE Y PS=R 2y =N
W As (_RIE b R As_lﬁ (I i As_lﬁ Ly . HEYrE e HE)
[mg-L™) fmg-L™") Amg-L™") i 24 Biomass/(g- plant~!) 2%k
Solution As Aboveground Underground Translocation ]
. Reference
concentration As content As content factor 18 i F
Amg-L™") (mg-L™") /(mg-L"") Root Aboveground
0 0.50 241 021 624 672
1 551 135 041 620 634
HY49
5 931 703 0.13 591 60.1
AL 15 133 178 007 527 318
Brassica [49]
. . 0 0.50 253 020 6.02 69.8
parachinensis
1 6.50 214 0.30 597 603
NX45
5 114 633 0.18 554 58.7
15 144 213 0.07 473 246
VW As YRJE Mo LFB As frit MR As i
/(mg-L"" Apg g™ Ang-g™ s R M o N~
( e ) (hg-g™) (ng-g™) : R B St
Solution As Aboveground Underground Translocation
; Biomass/(g-plant™") Reference
concentration As content As content factor
/(mg-L") Ang-g™") Ang-g™)
0 047 0.15 3.13 1.72
2 255 5.02 051 1.60
_FJ - 8 744 116 0.64 153
Shiyu No.9
20 926 175 053 138
K 40 163 451 036 1.11
[“47]
Zea mays 0 039 0.13 3.00 1.88
2 0.50 581 0.09 194
RF190
A 8 372 14.1 026 1.79
Dongdan 90
20 579 184 0.31 147
40 106 41.1 026 137

JRH 22— As FISE SR AR A BT 0R BE, AAT fi
PEAEAC ; YR BB [ B RS2 I A M Wk AT
B mIMHE Y R KRN 2 — 2 E G )R 5 —SH 25
B 2Ly R AR M A0 BRI HE KB

2 HIXFEYE FF o E WU AY R0 ( Effect of arse-
nic on absorption of nutrient elements in plants)

As BIEYIERIEDTFICER R ER As 5E
Fr TG WS R AEAR ELAE T, B AN (S) mT B A A ik
ZEIE) As B E 5 (Ca) AT As Bl R T 3
(Brassica juncea) %] 1fi i) 6 [T 1 A1 0 [ A5 PoAT 4
=1 /KRG (Oryza sativa)kiki As BLERP As nl fEiE o+
PRI WS i A A R ) e s A A

AR BT A AR AN AR AT i S SR
ok MU TR P, M SR, As(V )b BR S

PR B A (K) BH(Zn) BR(ND) S ER (Fe) (P 35 i TH iR
(55% . 15% . 29% . 56% . 40%), Ca % & [% 1%
(35% )" WRIARE K Zn Ni WU N Fe P #E R84
AT e 5 HARRKFREIAR G . As(V )Ab BN G- XL
FE Bk (Pteris ensiformis)®" | & > 3% ( Brassica olera-
cea)™ JINFZE KT RN WK A (Acer pseudoplata-
nus)®™VEFRICE F R, B, As(V)AEL©O ~02
mg- L5038 PR K & &L, Ca B8 (Mg) R
Fe & HIN(P<0.05);80 mg-L™" As( V)#MHI K F5 4>
BEW] K P N Wi, 38 s AU 25t Fe \Mn 5 #t (P<
0.05), WFFT KL, As(Il)fili 22 2 BE 1 H: 32 (Lactuca
sativa)® 1 75 i (Solanum Iycopersicum)® & 35 6 &
iR, BRI A S R % 2 s,

T SR R BEKY (it 32 e ) 22 S R BUE Y X
As PR N AETE 22 5 RER 43 52 A W] REAR BT 52 Ml
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Table 2  Effects of arsenic on nutrient elements uptake in plants
W As(VUE
/(mg-L~!
Hi Rk < l(n,‘g R ()V) K P Mg Mn Ca Fe Zn Ni Bk
olution S
Plant species ) /(mg-g™') /mg-kg™") /mg-g™!) /(mg-kg') /mg-g7') /mg-kg™!) /mg-kg~') /(mg-kg~') Reference
concentration
/(mg-L™1)
" 0 138 1626 444 26.7 8.11 348 575 551
=R A=
R R Root 15 26.1 1093 449 194 405 199 612 737
Pteris
vittata i 0 188 1287 402 18.1 572 135 617 6.05
Leaves 15 245 1797 486 210 493 211 758 751
[54]
" 0 987 985 2.66 115 023 136 50.0 0.94
& I3
flnt R Root 15 10.0 1265 231 8.87 0.11 111 389 040
Pteris
o pIs 0 158 1265 228 781 0.11 83.0 26.0 040
ensiformis
Leaves 15 18.7 1205 341 146 029 131 705 0.86
I As(V U
/(mg-L~!
(me-L7) K P Mg Mn Ca Fe Zn s Sk
Solution As(V)
) Amg-kg™") Amg-kg™") Amg-kg™") Amg-kg™') /(mg-kg™') /(mg-kg™') Amg-kg™!) /mg-kg™') Reference
concentration
/(mg-L™")
0 18 695 4960 2034 230 7064 1327 133 5227
i
0.05 13 987 3 566 2135 390 7 688 2015 145 4636
B Root
L3k 02 11 493 3 426 2689 340 9 858 2503 147 5936
Brassica [55]
0 22 840 2767 2376 220 18 467 730 320 10 819
oleracea o
- 0.05 22 388 2425 2625 280 22516 84.0 280 10 703
Stem and leaves
02 22 622 2385 2484 19.0 19 216 75.0 340 10 436
R As(V U
/(mg-L~!
(@g ) K P Mg Ca N Fe Zn Cu S 3k
Solution As(V)
) Ng-kg™)  Ag-kg™)  Ag-kg™)  Ag-kg™)  Agrkg™') Amg-kg™!) Amg-kg™!) /(mg-kg™!) Reference
concentration
/(mg-L")
0 238 8.53 083 539 23.1 4269 369 15.1
P 5 313 105 1.02 565 220 3155 389 215
Root 10 315 8.74 093 6.01 238 2232 282 195
M 20 208 502 075 529 20.7 2595 26.1 139
Triticum [56]
. 0 330 9.62 1.10 282 241 803 247 142
aestivum
20t 5 324 100 124 335 250 604 203 105
Stem and leaves 10 326 929 122 294 224 539 14.1 10.1
20 274 7.58 138 392 209 403 9.00 6.40
W As(V U
/(mg-L~!
(mg-L™) K P N Fe Cu Mn Zn B
Solution As(V)
. Ng-kg™)  Ag-kg™)  Ag-kg™) Amg-kg™') Amg-kg™!) Amg-kg™!) A(mg-kg™h) Reference
concentration
/(mg-L™")
0 24 0.0012 205 - - - -
i}
40 19.8 0.0011 16.6 - - - -
Root
K 80 169 0.0008 104 - - - -
. 571
Oryza sativa BN 0 426 148 21.1 675 108 165 411
Stem and 40 357 108 183 990 895 202 372
leaves 80 299 0.82 142 1045 6.99 237 299
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g2
VW As(V)HEE/ Lt
I As(V)WKR I /(mg -1 K Mg Na Ca Si p B B
Solution As(V)
Amg-kg™!) /(mg-kg™!) /mg-kg™') Amg-kg™') /(mg-kg™') /g-kg™!) /mg-kg™!) Reference
concentration/(mg- L")
pic 0 2 130 156 138 2427 11 615 0.67 49.6
Root 75 236 222 328 3451 12 065 0.50 455
ki 1
Wi 2% 0 1968 502 466 3 456 285 0.81 13.1
Acer [58]
Stem 75 385 323 906 2 455 310 0.65 134
pseudoplatanus
nf 0 3 160 768 43.0 2 675 121 - 940
Leaves 75 1173 440 41.0 1356 130 - 8.70
vl As(THERE/ Ll
AL AR B (mg-L71) K P Mg Mn Ca N B3k
Solution As(Ill)
(mg-g™") /mg-g™) Amg-g™') Amg-kg™) /mg-g™) Jmg-g™) Reference
concentration/(mg- L")
0 289 8.89 262 402 104 302
pic! 0375 316 8.71 2.06 481 921 299
Root 1.875 305 7.67 236 419 925 314
375 30.6 7.56 276 557 114 31.8 48]
0 552 6.71 792 305 18.1 342
nt 0375 56.1 6.19 6.15 314 163 357
. Leaves . K [ . R K
o 1.875 55.0 6.01 6.19 332 159 349
Lolium 375 529 561 583 369 193 308
perenne 5 As(T) & f(ma - ke
e As(llye it me ke ™) K P Mg Mn Ca N Sl
Soil As(Ill) content
Amg-g™")  Amg-g™) Amg-g™h)  Apgrg™) Amgg™)  Amgeg™h Reference
/(mg-kg™")
2% 0 276 296 232 40.6 227 149
Stem 100 399 344 202 315 341 15.1
[59]
[ 0 335 397 253 327 337 375
Leaves 100 449 4.86 221 299 3.00 322
v As(IDHe Lt
L As(I# 3 /(mg-L~") Mn Fe Zn Cu S0k
Solution As(Ill)
. Amg-kg™") /Amg-kg™!) Amg-kg™") /(mg-kg!) Reference
concentration/(mg- L")
0 926 244 373 172
pic 2 269 192 262 114
Root 5 358 201 364 12.7
H3E 10 317 284 439 14.6
. [60]
Lactuca sativa 0 129 105 26.8 6.60
nt 2 110 74.0 248 5.06
Leaves 5 123 66.6 239 523
10 107 162 28.1 7.14
IR As(THE B2/ .L-!
T As(IDHRE/(mg- L") Mn Fe . Cu P
Solution As(1ll)
/(mg-kg™") /(mg-kg™') /Nmg-kg™!) /mg-kg!) Reference
concentration/(mg- L")
0 4.59 38.5 041 4.05
i
1.5 286 1260 355 20.1
Root
3 256 1180 30.6 137
e 0 455 168 69.7 17.0
ES
Solanum 1.5 435 376 623 133 [61]
i Stem
Iycopersicum 3 36.6 155 53.6 154
0 80.1 179 524 227
i
1.5 49.1 154 40.6 153
Leaves
3 522 198 324 220
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A Segr BRI, As BUEEFRICRM
WA, FEON R AR 48 B h B IR u R
EHIES, As AJFEHERRIARL A K 7 A X —
G0 AT RE D AR B e 58 5 SR 0 4 i 0 As Y
MR, As(V)EE As(I)Ab B AR R (A ) — Tl 5 22 Fif
BIROUR S UL, W B SRR R I aE S
As ARG, JE A W) 18 085 A AL s O
SH/NZE H Mg, Ca #5534 00, EUR WAL (A 4 0>
3 N OKFESE) AR A 5 R B AR LY As 3 N HL
I B8 TR IR FIREE 19 As e, OCHE
EIRJLER (U K P Fe S5 & AT RES AL, NN 7E
ANFIRRIE bR 9 A AR A

3 mxHEY A B £ LB Z 0N ( Effects of arsenic on
plant physiology and biochemistry )
3.1 BRRAEPING R LR B RE R

TAA BAT Y ARG e ik AR AR AR T, Rt
AR TAA TE 2 A RT3 A 9% 48 32 G 3, Fassler
SOV 107"° mol - L™ TAA AbFH ] {2 3 1] H 28 (He-
lianthus annuus)tA< MR BE TAA A 2 4E 2%
I VER . As(V )b B R0 I 1 31 % (Peris
cretica) MG M KU R M B TAA & & 1 3 15 fn(P<
0.05),IAA &I EES TAA SAfLEE(AAO) T
ZAMAHIE(FR 3), IZBFFEHRGE, As( V)AL B R
TLEAED S KU 3k T W 32 4R, AR 43 81 i
BN KB Ag™ ) R I 1 B AN RUE R
TAA & =GN AT 02 i 240 73 2400k HAUVE K LU
HE YT As BT 2 M
3.2 WXL E SE

HeETEREMY A K AT W —EZER, O
G RGN CAEHI BB LA R GuR H 4 e BUk,
TERUARR I 0 ARG 5 R 500 e O 2450
1591 ¥4 3 . (net photosynthetic rate, Pn)#5 i
YA AE AR R HLY Y it 4% 3 (chlorophyl,
Chh AT AN HEEAER GRS &K
oA E BT R (F,/F,)il W R — e, A2
FhRIAE K S50, F /F, <0.8 RIDGE RS fE%
P R VOCAF S AR B (F,/F) RO B 1R
FHRCR BB S0 B 838 E | A RE SE 4 A DG
R SRR AR AR R A VR 5 B 1) B 24847
BEE As(V)MBE T, /22 Pn FI Chl % B ) [
1, As(ID)¥e M 10 mg-kg ™' i, MH¥E F /F, F,/F,
FaE@.26 ~4.49 vs. 425 ~4.54;0.80 ~0.82 vs. 0.79

~0.82), As(Il) ¥k & =20 mg-kg ' B}, M F/F, |
F /F, B & &K (P<0.05), % ¥ (Lemna minor)Jk
RIHRMW SR, As(ID W FE =3 mg-L™' [, F/F, |
F,/F, B3 FFAK(P<0.05)"™, B As(V)sk As(Il)X}
YN G R G AE—Fh AR KR, — W
JEWEASERE Bl — W 5 B RV 5
Hh RGEZ PV E(E 3),

KA RGEWAH —E M TRE S, — & WA
MG SEE TR E , M A RZ R EECE R
Bt orRiE . MR T CEERNG I, CE
RN SRR S5 H S8 R R R B R EZ —,
As 8 TG ESEEIR T RER Ry & 6 2 i,
LRARSEFINEIN DI REZEFLATEL, LB S8 N R,
SHUEA ] B UL AL AZ ha R
3.3 OGN A R S

BERR T AR As BRI EEEZ —,
S R B B R R A AT I SRR I
B R HLAR ROS 77 4E 515 B AL F sl B MR A As
TENEN B SR IR S B R 7y N A/ SEE =R Y /i S C ]
05 A0 L A R G R SRS, IR IR 33 1k i 2 A
HL IR B IR | & L 53R F1 MDA & =48k MDA
i 2% B A Ao Ak R R o, A M AZ ™
MDA IR&nlR A Koy F R A, #E— 5] k41
ZERFITIRERCET BEE As(ID)FE 5V I (ROX)
WS T, A2 MDA 23T S 340.72 wmol
-g™' vs. 125 wmol-g™";0.73 wmol-g™" vs. 1.08 pmol-
g"),0.75 mg - L™ b B R Al — H AR AR G0 =K B
(DMA)ALFEZ] MDA 5 f itb 2 FF 55 (P<0.05), As( V)
1 LA R R (MMA )AL B MDA 55 %) BRAH L G 8 3%
AT As(V)BE As(I)AbERIRAE /N 22 T 1K Jolt 7]
MDA & i I (P<0.05), 't i MDA 5 1t 34
BEIULER As 5| ik 400k BB s I in R B 451
i, X RHHEY) AR (R 3),

3.4 BT AR A A Bl T P 5

FE 030 3 v B S AR T SR A 2 2N SR AR
Bi, EIRZMET ROS W= 5 bk —Fh sh &5 F
i, AR As R R LG, 2L B 2 Rt
AT BRFUR M ROS, SOD J& 41 i N i % ROS
(5 —iE Bk ,ROS & & 7t 530 SOD i M4 ik,
SOD ¥ ROS S i K B PR/ i AL &7, P
fBREXT ROS fiEk, ROS A= il R i 1 SOD ¥ i ik
SR 7 AR AR W aE ) A6 8 JR AT 52 I POD
CAT “FHU A AL REE 1
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Table 3  Effects of arsenic in soil/solution on physiology and biochemistry of plants
1 As(V) S i IAA i - As iR IAAO %t
UYL ES (mg-kg™") fng-g™") (mg-kg™") Apgeg™-h™") 223k
Plant species Soil As(V) content IAA content Leaves As content TAAO content References
/(mg-kg™) /(ng-g™) /(mg-kg™") Apg-g™+h™")
0 162 - 384
K 50 234 243 373
Pteris cretica 100 574 318 10.1
200 454 329 163
[64]
0 18.8 - 379
S RUB B 50 20.5 39.1 37.8
Pteris ensiformis 100 280 591 299
200 30.6 50.2 26.7
W As(V e
A As(Y IR e WHRE a B TR b Al
Amg-L™") b AR fmg-g) i =N P
mg- mg: %
Solution As(V) /2 57! ge e
. Chl a content Chl b content References
concentration Pn/(m?-s7") . a A 1y
fmg-L) (mg-g™) (mg-g
0 224 1.11 0.56
5 19.1 1.13 0.57
N
» . 10 179 1.15 058 [68]
Triticum aestivum
30 6.55 0.18 020
90 4.10 020 0.09
3 As(T) 7
kg S
/(mg-kg™) F.JF, F.IF. 27 Sk
Soil As(Ill) content References
(mg-kg™")
0 426 ~449 0.80 ~0.82
10 425 ~454 0.79 ~0.82
JEED
L 20 336 ~4.50 0.76 ~0.79 [69]
Nicotiana tabacum
40 323 ~362 0.76 ~0.78
100 241 ~345 0.68 ~0.77
B As(Ike
Amg-L™")
Z:7% 3k
Solution As(1ll) F,/F, F,/F,
i References
concentration
Amg-L™")
0 535 0.79
1 367 0.77
T
A 3 201 066 [70]
Lemna minor
6 061 039
12 0.50 0.34
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As(ID4bFE DMA 4h B
VL As TR MDA & MDA it
Amg-L™") /(umol-g™") /(umol-g™") -
Solution As As(Ill) treatment DMA treatment I:f
eferences
concentration group leaves group leaves
Amg-L™") MDA content MDA content
/(umol-g™) /(umol -g™)
0 0.72 0.75
0375 0.70 0.73
[73]
0.75 0.84 094
1.875 125 0.76
MMA 4k B ROX /b2
e A As(V)sb P P
VM As YR MDA 4 it MDA & it MDA it
B
. Amg-L™! /(wmol-g™! A(umol-g™!
s ( g ) f(wmol g~ (wmol-g™") (wmol-g™") Sk
. Solution As MMA treatment ROX treatment
Lactuca sativa . As(V) treatment group References
concentration group leaves group leaves
leaves MDA content
Amg-L™") - MDA content MDA content
/(umol-g™)
/(pmol-g™") /(pmol-g™")
0 0.74 0.75 0.73
0375 0.60 0.76 059
[73]
375 0.86 0.78 0.80
1125 0.60 0.76 1.08
T As(Iyik i R MDA & & 251 MDA i
fmg-L™) /(umol-g™) /(umol -g™) S
Solution As(1ll) Root MDA Stem and leaves I:f
eferences
concentration content MDA content
A(mg-L™") /(pmol-g™") /(pmol-g™")
0 202 ~20.6 175 ~18.6
INEE 0375 215~232 224~238 o
Triticum acstivum 075 228 -249 240 ~256
1.875 26.7 ~28.9 286 ~31.3
e Ko R Al
L As(V )R MDA & & MDA & & MDA
Amg-L™! ) ) )
< 1(t~g " ()V) /mmol-g™") /(nmol-g™") /(nmol-g™!) Z:7% 3k
olution As
N rati Growing leaves Mature leaves Senescent leaves References
concentration
, - MDA content MDA content MDA content
(mg-L™) /(nmol-g™") /(nmol-g™") /(nmol-g™")
0 443 923 745
2 55.1 105 120
K
K e [75]
Typha angustifolia 5 602 104 141
10 116 128 152
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As(ID4bFE DMA 4h B
W As kB SOD itk SOD it
[mg-L™! U-g™! U-g™!
( g ) (U-g™) U-g™) St
Solution As As(Ill) treatment DMA treatment
. References
concentration group leaves group leaves
Amg-L™") SOD activity SOD activity
(U-g™) (U-g™)
0 399 399
0375 489 605
[73]
0.75 601 611
1.875 665 613
As(V)abHEnf MMA 4h s ROX Ab#fint
W As e SOD ¥ SOD Jfi SOD i 1
A(mg-L™") (U-g™) (U-g™) (U-g™) .
13 275 Sk
* . Solution As As(V) treatment MMA treatment ROX treatment
Lactuca sativa . References
concentration group leaves group leaves group leaves
Amg-L™") SOD activity SOD activity SOD activity
(U-g™) (U-g™) (U-g™)
0 412 394 405
0375 430 528 489
[73]
375 433 537 484
1125 489 236 480
W As(V)HJE (mg- L) R SOD it R CAT &tk #R POD Tk
Solution As(V) AU-mg™") AU-mg™") AU-mg™") S CHk
concentration Root SOD activity Root CAT activity Root POD activity References
Amg-L™") AU-mg™) AU-mg™) A(U-mg™)
0 550 19.7 63.1
5 545 219 81.1
[77]
10 681 310 71.1
30 141 10.1 602
- SOD i #: I CAT Tt i POD iifi P
i3 /(U-mg™) AU-mg™) /(U-mg™) 275 3CHk
Eucalyptus robusta Leaves SOD activity Leaves CAT activity Leaves POD activity References
(U-mg™") AU-mg™) AU-mg™)
0 235 279 862
5 250 327 93.1
[77]
10 276 453 849
30 122 1.90 443
W As(V )% M- SOD i M CAT it i POD iifi #
Amg-L™! U-g™ Amg-g™" ~min~"! AkU-g™!
(.g ) (U-g7) (mg-g ) (kU-g7") S ik
Solution As(V) Leaves SOD Leaves CAT Leaves POD
. .. .. . References
concentration activity activity activity
/(mg-L"") (U-g™) /(mg-g™" +min~") (kU-g™")
0 161 102 16.1
K Al 0.5 224 101 19.6 0
7
Typha angustifolia 2 213 124 18.8 78]
10 123 82.1 109
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R As(V U ; ; ;
) (L_)l) - 1 SOD T F CAT 54t 1 APX T
mg- N,
e (U-mg™) (U-mg™) (U-mg™") SRk
Solution As(V) . . .
. Root SOD activity Root CAT activity Root APX activity References
concentration
B [(U-mg™) /(U-mg™) A(U-mg™)
A(mg-L™")
0 - - 950
10 - - 193
[79]
20 4 684 632 123
50 5801 2 300 152
n- SOD it I CAT 35 - APX T
BT AU-mg™) (U-mg™) AU-mg™") E = DTN
Vetiveria zizanioides Leaves SOD activity Leaves CAT activity Leaves APX activity References
AU-mg™) A(U-mg™) AU-mg™)
0 - 535 285
10 - 768 143
[79]
20 - 493 36.7
50 - 960 450
H SOD 1k R CAT itk HAPX 7k
(U-mg™) (U-mg™) (U-mg™) SR
Root SOD activity Root CAT activity Root APX activity References
AU-mg™) AU-mg™) /(U-mg™)
0 1307 872 118
10 1984 994 717
[79]
20 2617 1 064 172
50 2 300 490 200
" SOD it I CAT i - APX T
. -1 . -1 . -1
e (U-mg™) (U-mg™) (U-mg™) P
Preris vi Leaves SOD Leaves CAT Leaves APX
teris vittata References
activity activity activity
AU-mg™") AU-mg™) /(U-mg™")
0 2 134 1102 140
10 4734 1 645 182
[79]
20 5151 2 150 535
50 3 601 1457 293
VR As(V e e AT R
I« (Lf)‘) ) 7( *‘)A ) o AH
mg- mg-g 1 S
Apg: 275 Sk
Solution As(V) Leaves soluble (ne-e™)
. . Leaves Pro content References
concentration protein content 4
= = Ang-g™)
Amg-L™") Amg-g™)
0 119 ~12.1 235 ~262
oK 2 113~117 275 ~28.6
' [25]
Zea mays 8 891 ~109 284 ~325
40 591 ~8.11 153 ~209
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As(ID4bFE DMA 4h B
R As YR EE R e RIiRs
Amg-L™! mg-g! /mg-g!
(g' ) (mg-g™) (mg-g™") Bk
Solution As As(Ill) treatment DMA treatment
. References
concentration group leaves group leaves
Amg-L™") protein content protein content
/(mg-g™") /(mg-g™")
0 13.1 133
0375 135 149
[73]
0.75 134 129
1.875 9.32 11.0
As( V)b MMA 4 Hfnt ROX 4b#n:
WL As VR HHBE & HHBFE R HHBE
. Amg-L™! Amg-g™! /mg-g™! Amg-g™") ‘
s (g' ) (mg-g™) (mg-g™") (mg-g B ik
. Solution As As(V) treatment MMA treatment ROX treatment
Lactuca sativa . References
concentration group leaves group leaves group leaves
/(mg-L‘l) protein content protein content protein content
(mg-g™") /(mg-g™") /(mg-g™")
0 13.6 137 138
0375 159 113 119
[73]
375 157 104 142
1125 12.8 10.6 116
. AV T
A AS(V A bt . _1)* . nt Pro it
mg- N
lmg-kg™) oe lbge™) % ik
. Leaves soluble
Soil As(V) content i Leaves Pro content References
B protein content o
/(mg-kg™") o Apg-g™)
Amg-g™)
0 518 ~6.10 121 ~ 142
3 5 525~601 125 ~170 ol
Setaria italica 10 595~7.14 162 ~ 186 1]
30 225~399 76.5 ~120

T TAA TR0 22 , TAAO 7R Wk LR AALRE , F,/F, FRH 4 RIS UR 5B MIRIE | F,/F,, Fon i Ou i 777 4k, MDA 7R N %,
ROX KR SE v, DMA 378 —HBHRHH = /K5 %), MMA 7R SRR, SOD Fm i8Sk AL g , POD FIRid SALYI I , CAT FIRid 4

LA, APX FORPUIR MR 1 ALY , Pro IR AR

Note: IAA stands for indole acetic acid, IAAO stands for indole acetic acid oxidase, F,/F, stands for change amplitude of chlorophyll fluorescence signal,

F,/F,, stands for maximum photochemical quantum yield, MDA stands for malondialdehyde, ROX stands for roxarsine, DMA stands for sodium dimethy-

lararsenate trihydrate, MMA stands for sodium methylararsenate, SOD stands for superoxide dismutase, POD stands for peroxidase, CAT stands for cata-

lase, APX stands for ascorbate peroxidase, and Pro stands for proline.

ANTE] As T 28 RHAFR B S8 A0 TS 1 1% 5% 1) A ()
(3 3), As 1B W xF A= S0 S8 A Bl 7% P 1Y) 52 i 777
Z 5P As(I) XA 320 SOD i M 52 (399 U -
g vs. 665 U-g )& T As(V)AbHE 412 U-g ™' vs.
489 U-g”') MMA DMA F1 ROX 4b¥H 5 As(I)AY
mEETEA G, HABMFSE T A F K B SOD . POD Al
CAT AL BE S As(V )4 BE /388 i H A & 2% 57
TR R FR (P<0.05)77 77 R A BE As(V) AT i

R b AR I P 38 58, o — A B S R 1k
R IR 470 4R A T P R T AR A 7 R o i 1% A
PRI As(V )R 40 T P 0 i, (EL 975 B3 SR Ak ol
T 22 R A T TG 2 f5e O R IG5 I AR
HROS 5 BRAE 1 324015 FH EE B AR ) A A B
A2 95,50 mg-L™" As(V)AbFEFRf - SOD |
CAT FI APX i 1 2 35 2 55 (69% .32% .109% )™,
LR USA I RE IS P8 50 B As 3 & A YDA N 38
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JINE 38 o 2H RO R G B i e e AR PRI TR
TR ROS; Y As Ve B3 i 32 BB, AH ) AN g
PR RS BT E ALV R ROS, ROS JRIARHT & AL
ity 1%, 5 R AR
3.5 BRXSALYIEEY) T B

BEY AT 11 Pro 45) 2 WA SE T HT
BRARI A SE R, T 2 R R A0 M 1 5 I, SRUEIE AR K
AR, MY Z 2 As b ik 240 A 1358 38 53k, 1)
REPEEE A&, DA AR B B R, B e i il
R ERRAF R AT A &, 1 ik i 75 | A B
2, AR A LSz B A AN, S Ak i
g R AL,

ANIA] As TEASKIHE P15 13 ) 0 £ 169 52 1) AN [7)
(3 3), B E As(I)ffi Af 22 11 A R AR 25%
As(V).MMA .DMA F1 ROX ¥ & T} & % 4 9 14 1
A AR I E R (P<0.05)7 HABRFZE b, &
KNI (Setaria italica)i 754 o1 & & 78 A 7R 25 12 -
WOV KR, As(V)HRE R 2 mg-kg™ B, E K AT A
EHSELEESHA19 ~12.1 mg-g ™ vs. 113 ~
11.7 mg-g™"),Pro %I IN(23.5 ~26.2 pg-g™' vs.
275 ~286 ng-g™), WE R 40 mg-kg B}, Al E R
Al Pro & i 2 3% %K (P<0.05)"; 10 mg - kg™
As( V)AL H IR AR SE R i ML A Pro AR Wk
430 mg- kg™ B, SEH AT AR TR Pro B i B 3
FEAR(P<0.05)™, FBH — @ W As JII LA 412
BB RN, R PR R As MR
BB BRG] BE R M N AR L e DNA
B FNEE 5240 As 5—SH 455 S 8E AR AW
JrE™

A AR AR G A BEAE AL R bR A5 N TR R
S A SEUKE MDA Fi ALY B
B REER3), E—ERE L As WA 5
PR B — e W 5 5 RIE A S5 AR & o B
A AR AR bR R | I Rk B 3 ) i ot 25 4
Y% E L E As Bhia T A BAE AL bR (TR
F ILESE MDA B LG B &Y ) AR ]
PAE 2] T A A AR F 32 R

4 FXHEYRREL R E B E LM
Mg ( Effects of arsenic on rhizosphere physicochemi-
cal properties and microbial community structure)
4.1 FORRE )RR s B B ) S0
MRPROEAEY) 5 L B R A D, 2 I A
Y AEYAREAERTR G AR R AT A3 R A AR

YRR PR E B O Fh 2 B oA IR
Yy s R AN, ) & 5 o3 WA Y DX B T AR R 40
WYIRE N A YR ALE 37 R BUR PR )i s 12
F i TARMRBR DB

S AH T T, A AL ST g 2 A
Gy Z— AHLBGE TG W I A o AR R
M) As HOIE A FITERS™) ) JE A 0 ] ol /b Ass 114 1 AH I
BIT5S As 456 T8 B AT AR 2R 53 W) 286 e I
AT A RARRTE N, A T 4 e [ vl i
R TRy I, M EE TR As B P AE - IEREE
W B R B AR e C R Ca I 5 P As JE
1 Ca-As-P ZEH )™ ; As IR AT 55 Ho faf 2% B2 AH L1
TEHLBT B F 52 4 BT, As( V) S5 BRTR R (COT)3E
%, As (1) 5 5 2 (Si(OH), ) 3¢ 4 5™ gk & Ak
PiPY ALY R AL P S IR 2 As I AF
L, WA WY T, As Ab BRI SR FAR 2R 55
WA PR CER IR L FERR  JEIAMR) AT 1A L
Bk (dissolved organic carbon, DOC)¥¢ & FIAR PR pH {H
W E RS (P<0.05) ; (3P i . (Lupinus albus) R 5
ST E AL S AR AT AR | R AR ST A TR
2RI (P<0.05) ) R WA R 3P R R = B AR
FOOE AR R I 2% A A SR AR LR

As B A BRFR 43 AL ME B A BUE AR R
BILRR | Z SRR AN A V5 W S5 ) o 1) - 0 ] i 3 el 7
R R BRAL P 0T, L35 52 As A9 20 pH {H . & &
AT et PGPB TR PRz S , AR A (2 Wy vl i
TR DTTE ST S As B A RN, 52 0 A s 1 35
W As BUTEASFEAR AP T As BRI, MR PR 9
Z ARSI PR 53 WA ) B 52 e, 55 A 0 i ]
(SRR A Gy 7 STER
4.2 TSR AR R TR RPN AR TRV 9 52

PGPB #8216 7 - 458 MUK P9 sl B A 76 4l AR
FRIEH L YK BA S E A i W SR,
ITEAT T N A P K ™ TAA 5RE ™ e Hh BIE
YARBUE TR o VR DAL R S8 IR As TR
S HEAEEEHY, As BB EMAED
AL TR As HLI, As BB T 485 PGPB #f
T& AL XT T PRAR I A= W D2 As 38 (9 /E FBIL3E
BEAHEREEY,

HEPR PGPB H1, &£ 4 17 #H(Cytophagaceae) Fl 4
A5 J& (Streptomyces sp.) LA = 54 As H Ak fig
OO 8 2 v [C I (Kocuria flava) F1 R 2 fRFT
Wi(Bacillus vietnamensis)ili iz ;= TAA SEILAE A 5 B
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PLINN O %19 #

[ 2EFAT & (Bacillus aryabhattai)FE P17~ TAA RERAK,
W P EERE U A i 2F AT B (Bacillus flexus) B 7
IAA 3% P E Ak As(ID)k As(V)IIRE ST, nT $2 = K R
HWRMFE YR 14.6% ~32.2% ;3% ~16%), If
FEARFSFE As & AU S0 A VR 5 2 60T 1T B
(Xanthobacteraceae)J 248tk As(Il) £ As( V) fE
ST K T MR L I (arbuscular mycorrhizal fungi,
AMF)il i AL XS Pl As Y A 45 5 T
IRSEEAE A HEaE As HUERGE A,

PN A TR B T A ) 20 2 M PN RD L R AR SR AR )
BN B FE 5T, N AR T TE 5 18 K PR i1k
IR T BRI A B AU O R e EAEY N N A TR
AR AR LRSS M PR VS 5%, N AR T o 4 WA A
YA e AR A RRAARIE 3, SLEIEI TR A |
R As 735 55 77 1 PN A= DA I L [ A o 81 AF L 7 2
TR B As FHePE N A R YD TR TG T (Serra-
tia liquefaciens) W] [ A + 38 50 As & # (27% ~
46% ), BN 2R As B (24% ~70% )" s IR
& )& (Rhizobium) 57K 37 G 1# J& (Devosia) f1 Ohtack-
wangia sp. il i[5 N 7= TAA S ALVE H 45 J7 T S5 8L
fEA FG i As HUPEN® Y 257 BN TR )& (Stenotro-
phomonas)ili it BANE IR AT A As B0k,

TR W HE T 2 A AT e 55 AR PR A N A BR R el AR A
K AR ABEXT UL P e oy HA 25 S A e e
B Z M BRI 4 PGPB, PGPB 7EE #E 4 K 1)
AR S I Bl e L A5 T EAA B AR
L XY A SR RAREE L,

5 %2 5RE (Conclusion and prospect)

ASCEET RS R, 0 T As X R A
K VB FRITR M A AR A S A R (s S
MU, B, 2B As ERTH TR, iz &
<1, —EWE As FIIEHHAE Y A 8 O 1 vk B
M= s ZUMRIAE . As ATSZIRAE YIRS SR o0 R
I, AT As IES AN A], 3E FRoe R &
AR ATRE S As fREEA G, As Al YA K AR
A G A A AL IR AR(IAA JEA S50 MDA BiE ik
fiti BEY) B, HA, As it 5 gk Ak
G MR W AR DEAR BRI AR, /A 55
5P PGPB s 5, AR HHAEYI AR K

SR, BRI G T As SHEY MR 2L T T
BRI E oK OKFE  /INEE AR, R R AR A
ALY AR As (S YR 22 5% s E f o+
A St AL A5 B B T AR R A | e SR bE

FEALSRUE (DT M 5 253 R 4o R
PR 4 5 B R TR 5T As Wit R AR 410 ML il 22
55 (2)As SARPRINE S AR Z 70 Wy (AR FLAE T o3
Priaypom As L,

BEEEEN . A T1987—), &, L, AMAR, TR
F@OAXEFTESGCE 5 RRR A,

5% 3k ( References) :

[1] Mandal B K, Suzuki K T. Arsenic round the world: A re-
view [J]. Talanta, 2002, 58(1): 201-235

[2] Han Y H, Liu X, Rathinasabapathi B, et al. Mechanisms
of efficient As solubilization in soils and As accumulation
by As-hyperaccumulator Pteris vittata [J]. Environmental
Pollution, 2017, 227: 569-577

[3] Chandrakar V, Naithani S C, Keshavkant S. Arsenic-in-
duced metabolic disturbances and their mitigation mecha-
nisms in crop plants: A review [J]. Biologia, 2016, 71(4):
367-377

[4] Shahid M, Dumat C, Pourrut B, et al. Influence of EDTA
and citric acid on lead-induced oxidative stress to Vicia
faba roots [J]. Journal of Soils and Sediments, 2014, 14
(4): 835-843

[5] Joseph T, Dubey B, McBean E A. Human health risk as-
sessment from arsenic exposures in Bangladesh [J]. Sci-
ence of the Total Environment, 2015, 527-528: 552-560

[6] Rafig M, Shahid M, Abbas G, et al. Comparative effect of
calcium and EDTA on arsenic uptake and physiological
attributes of Pisum sativum [J]. International Journal of
Phytoremediation, 2017, 19(7): 662-669

[7] Armendariz A L, Talano M A, Travaglia C, et al. Arsenic
toxicity in soybean seedlings and their attenuation mecha-
nisms [J]. Plant Physiology and Biochemistry, 2016, 98:
119-127

[8] Siddiqui M H, Alamri S, Khan M N, et al. Melatonin and
calcium function synergistically to promote the resilience
through ROS metabolism under arsenic-induced stress [J].
Journal of Hazardous Materials, 2020, 398: 122882

[9] Meharg A A, Hartley-Whitaker J. Arsenic uptake and me-
tabolism in arsenic resistant and nonresistant plant species
[J]. New Phytologist, 2002, 154(1): 29-43

[10] Meharg A A. Integrated tolerance mechanisms: Constitu-
tive and adaptive plant responses to elevated metal con-
centrations in the environment [J]. Plant, Cell & Environ-
ment, 1994, 17(9): 989-993

[11] Quaghebeur M, Rengel Z. The distribution of arsenate and

arsenite in shoots and roots of Holcus lanatus is influ-



41

AERRAE AR A BRI A B A AL S R 5 AL 20k 201

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

enced by arsenic tolerance and arsenate and phosphate
supply [J]. Plant Physiology, 2003, 132(3): 1600-1609
Abbas M H H, Meharg A A. Arsenate, arsenite and dime-
thyl arsinic acid (DMA) uptake and tolerance in maize
(Zea mays L.) [J]. Plant and Soil, 2008, 304(1): 277-289
FOIME, D I, =0 Blisth A= 35 R G0 IR & 2 0
TAE B AU S AR 5T 0 R[], A= 25244, 2009, 29(8):
4408-4419

Guo X Y, Ma Y B, Li B. Advances in the effects, mecha-
nisms and modeling of hormesis in terrestrial ecosystems
[J]. Acta Ecologica Sinica, 2009, 29 (8): 4408-4419 (in
Chinese)

B Es, VL . BE A 8O K OV AE N A R R
FEHERE[T). TP E AL TIAE, 2012, 28(6): 859-860

Duan W X, Jiang G F. Research progress on excitability
effect of poisons and its potential application value [J].
Chinese Journal of Public Health, 2012, 28(6): 859-860
(in Chinese)

BATE, X JAH, BREG, 5. 5 XT 48R A6 1 25 ) R R0NE
[J]. B A 25241, 2013, 24(4): 935-940

Jia L, Liu Z L, Chen W, et al. Hormesis effect of cadmi-
um on Lonicera japonica [J]. Chinese Journal of Applied
Ecology, 2013, 24(4): 935-940 (in Chinese)

de la Rosa G, Peralta-Videa ] R, Montes M, et al. Cadmi-
um uptake and translocation in tumbleweed (Salsola kali),
a potential Cd-hyperaccumulator desert plant species: ICP/
OES and XAS studies [J]. Chemosphere, 2004, 55(9):
1159-1168

TEZNR, B, BT, 45 g hi A R A
FRAEYIHACREIA)]. AR ST B A4, 2023, 18(4): 77-
86

Ren J F, Wang Z F, Hou F J, et al. Effects of antibiotic
residues on nitrogen transformations in soil [J]. Asian
Journal of Ecotoxicology, 2023, 18(4): 77-86 (in Chinese)
TR, MEESE, XU HR, A5, o bp 30 XV 4B 4 B v 2k
K2R ST 52 PG AT (D). 5 B RS2 A (A AR B2
fR), 2021, 43(1): 164-173

Ren W, Yang G Y, Liu Y G, et al. Effect of arsenic stress
on the growth of Typha angustifolia L. in plateau wet-
lands and its arsenic tolerance [J]. Journal of Yunnan Uni-
versity (Natural Sciences Edition), 2021, 43(1): 164-173
(in Chinese)

PNGD, B, SRRV A XN R ARG ks R
Prig g T[], FREEREE ST, 2015, 34(2): 17-
19

Sun J, Ma G, Bi T T. An experimental study on the arse-

nic intimidation responses on the root length, height, and

(20]

[21]

[22]

(23]

[25]

[26]

biomass of three kinds of wheat seeds [J]. Environmental
Science Survey, 2015, 34(2): 17-19 (in Chinese)
Budzynska S, Krzestowska M, Niedzielski P, et al. Arse-
nite phytoextraction and its influence on selected nutri-
tional elements in one-year-old tree species [J]. Micro-
chemical Journal, 2017, 133: 530-538

Kapustka L A, Eskew D, Yocum J M. Plant toxicity tes-
ting to derive ecological soil screening levels for cobalt
and nickel [J]. Environmental Toxicology and Chemistry,
2006, 25(3): 865-874

WL, E2AF, EIEE, 5. B WE AT R0 HE R
AR R TR A WO R TR AR R R (1], A=
AEHAAR, 2006, 1(1): 70-74

Xu W H, Wang H X, Wang Z Y, et al. Effects of zinc,
cadmium and their combined pollution on nutrient uptake
and Zn, Cd accumulation in ryegrass (Lolium perenne L.)
[J]. Asian Journal of Ecotoxicology, 2006, 1(1): 70-74 (in
Chinese)

Panda D, Sharma S G, Sarkar R K. Chlorophyll fluores-
cence parameters, CO, photosynthetic rate and regenera-
tion capacity as a result of complete submergence and
subsequent re-emergence in rice (Oryza sativa L.) [J]. A-
quatic Botany, 2008, 88(2): 127-133

Duan G L, Zhu Y G, Tong Y P, et al. Characterization of
arsenate reductase in the extract of roots and fronds of
Chinese brake fern, an arsenic hyperaccumulator [J]. Plant
Physiology, 2005, 138(1): 461-469

SB[ it Ao T K X i A ) A BRSO A R A 5
[D]. TLFH: TEFHAOKE, 2016: 31-43

Xia X D. Influence of arsenic stress on physiological and
biochemical characteristics of different cultivars of maize
(Zea mays L) [D]. Shenyang: Shenyang Agricultural Uni-
versity, 2016: 31-43 (in Chinese)

Rahman M A, Hasegawa H, Rahman M M, et al. Accu-
mulation of arsenic in tissues of rice plant (Oryza sativa
L.) and its distribution in fractions of rice grain [J].
Chemosphere, 2007, 69(6): 942-948

KA, FEHOZE, DRIS, 5. R AR 060 A ity SR
Pt R P HLRIBT R R R (1] VLI AL RL2#, 2015, 43
(6): 6-10

Song R J, Tang Y K, Chen L, et al. Research progress on
accumulation characteristics and tolerance mechanism of
cadmium and arsenic in hyperaccumulator plants [J]. Jian-
gsu Agricultural Sciences, 2015, 43(6): 6-10 (in Chinese)
WK, 1, MR, 55, 38 X 9L R AR & AR
T IS S U ) T3 ) S [T, AR AR 24T, 2012,
27(2): 152-156



202 Ao #F O OH ¥ Mt F19 &
Zhao T H, Pei C, Zhao Y X, et al. Effects on protective [37]1 FIFE, L RE. =4F4 =4 K A i aE
enzymes and osmotic regulation substances to arsenic X = SRR 30 A e N [, = ARl R 2R e i (B SRR
stress in super rice roots [J]. Acta Agriculturae Boreali- 2£), 2016, 31(6): 1065-1072
Sinica, 2012, 27(2): 152-156 (in Chinese) Ke HL, Zu Y Q. Response of the growth, photosynthetic

[29] Stolz J F, Basu P, Santini J] M, et al. Arsenic and selenium characteristics and As contents of Panax notoginseng
in microbial metabolism [J]. Annual Review of Microbiol- plant to soil As stress [J]. Journal of Yunnan Agricultural
ogy, 2006, 60: 107-130 University (Natural Science), 2016, 31(6): 1065-1072 (in

[30] Luo S L, Chen L, Chen J L, et al. Analysis and character- Chinese)
ization of cultivable heavy metal-resistantbacterial endo- [38] 14, fBiRAh, X oAR, 45, s Je A 585 N K MY &
phytes isolated from Cd-hyperaccumulator Solanum nig- X R B SRR [I]. TR A ST, 2019, 32
rum L. and their potential use for phytoremediation [J]. (5): 848-856
Chemosphere, 2011, 85(7): 1130-1138 Ren W, Ni D W, Liu Y G, et al. Accumulation and trans-

[31] Ryan R P, Germaine K, Franks A, et al. Bacterial endo- portation of arsenic to wetland plant Typha angustifolia L.
phytes: Recent developments and applications [J]. FEMS in the herbaceous plants grown in arsenic-contaminated
Microbiology Letters, 2008, 278(1): 1-9 habitat [J]. Research of Environmental Sciences, 2019, 32

[32] BLIEF, 1R K, sk, 55, B RXTE 4R As, Pb, Cd, (5): 848-856 (in Chinese)

Hg (W B H AR SRBUHEE[T]. #i 7T Al 2 4z, 2008, 20 [39] ZEEME, Fiafl, MG, 5. WA 2 T AR R SR
(5): 358-361 F W S e i 0y s (7], PR AR 2E, 2021, 40(9): 2640-
Ruan M Y, Xu M F, Zhang Y Z, et al. Pumpkin’ s adapta- 2648

bility to As, Pb, Cd, Hg and the rule of heavy metals ab- Qin Y Y, Wang Y R, Shi P T, et al. Interactions between
sorption and accumulation [J]. Acta Agriculturae Zhejian- arsenic and selenium uptake and translocation in Chinese
gensis, 2008, 20(5): 358-361 (in Chinese) cabbage [J]. Environmental Chemistry, 2021, 40(9): 2640-

(33] K H, [E)ERA, . st ch R A A4 4 AL 2648 (in Chinese)

WFFEHERE[T]. AR TRES24R, 2020, 36(3): 397-406 (401 Jr Baviss. AR Rk J5T B At 30 XoF 3 AR RS R B F 5
Zhang T, Yan H L, He Z Y. Advances in molecular mech- [D]. M =R K, 2021: 29-33

anisms of arsenic hyperaccumulation of Pteris vittata L. Fang Y H. Study on the effects of substrates and arsenic
[J]. Chinese Journal of Biotechnology, 2020, 36(3): 397- stress on the growth of Vallisneria natans [D]. Kunming:
406 (in Chinese) Yunnan University, 2021: 29-33 (in Chinese)

(341 M, i, PR, SR MR IA FAR R K N AR SR M RE (411 ARG ANTR] f /N2 Sy i A 2 S R i i 04
TR e e 38 14 R AL SR RIF O (7). A A IR AR AR 4R, ARG ZA[D]. B At MOl R, 2015: 13-18
2022, 31(6): 1225-1234 Zhu S. Difference of arsenic tolerance of different wheat
Gao P, Gao P, Sun W M, et al. Response of the endo- seedlings and changes of antioxidant system under arsenic
sphere and rhizosphere microbial community in Petris vit- stress [D]. Nanjing: Nanjing Agricultural University,
tata L. to arsenic stress [J]. Ecology and Environmental 2015: 13-18 (in Chinese)

Sciences, 2022, 31(6): 1225-1234 (in Chinese) [42] SZRIE, 2RI, OREE TR, AF. BP0 T 8 A A AR

[35] Koller C E, Patrick ] W, Rose R J, et al. Pteris umbrosa FARZE i W R IR R B AR AR T R[], L B 2,
R. Br. as an arsenic hyperaccumulator: Accumulation, par- 2018, 35(3): 614-623
titioning and comparison with the established As hyperac- Han D Y, Li S G, Song G L, et al. Effect of arsenic on the
cumulator Pteris vittata [J]. Chemosphere, 2007, 66 (7): absorption of arsenic and antioxidant enzyme activity in
1256-1263 three parts (roots, stems, leaves) of Elymus sibiricus and

[36] MH&LL, FREM, XIT5. 5= 0 i G e J 6 s Vetiveria zizanioides [J]. Pratacultural Science, 2018, 35
Je M AE Z R [T]. LA A B 24, 2017, 45(19): (3): 614-623 (in Chinese)

299-302 [43] THEE, XUARH, B AF, S T oK R I g i a xf

Yang J H, Zheng Y B, Liu F. Absorption and transporta-
tion of arsenic by reed and its remediation effect on arse-
nic-contaminated soil [J]. Jiangsu Agricultural Sciences,
2017, 45(19): 299-302 (in Chinese)

19 Flvi ILERSE AR ME 7], BRBE4k 24, 2010, 29(3): 439-
443
Ding F H, Liu S X, Luo D, et al. Arsenic toxicity to nine-

teen vegetable species in solution culture [J]. Environmen-



41

AERRAE AR A BRI A B A AL S R 5 AL 20k

203

[44]

[45]

[46]

[47]

(48]

(49]

[50]

[51]

tal Chemistry, 2010, 29(3): 439-443 (in Chinese)

S AR A Y A= L R A A R AL AT SE (D], 1 T
JUPEREE, 2017: 12-13

Meng M. Physiological response and detoxification mech-
anism of Eucalyptus to arsenic [D]. Nanning: Guangxi U-
niversity, 2017: 12-13 (in Chinese)

#1341, Anthony George Kachenko, Balwant Singh. fif
AR AR M R e HC X B I AT AR WFSED]. K &
P24, 2009, 23(2): 173-177

Xu W H, Kachenko A, Singh B. Arsenic-hyperaccumula-
tor Pityrogramma calomelanos (L.) link var. austroameri-
cana (Domin) Farw and its uptake and accumulation of
arsenic [J]. Journal of Soil and Water Conservation, 2009,
23(2): 173-177 (in Chinese)

Yang G Y, Zhong H, Liu X, et al. Arsenic distribution, ac-
cumulation and tolerance mechanisms of Typha angustifo-
Iia in different phenological growth stages [J]. Bulletin of
Environmental Contamination and Toxicology, 2020, 104
(3): 358-365

Du LY, Xia X D, Lan X P, et al. Influence of arsenic
stress on physiological, biochemical, and morphological
characteristics in seedlings of two cultivars of maize (Zea
mays L.) [J]. Water, Air, & Soil Pollution, 2017, 228(2):
55

LiJ B, Yang Z H, Song G L, et al. Correlations of arsenic
and nutrient elements in different tissues of perennial
ryegrass under arsenic stress [J]. Journal of Soil Science
and Plant Nutrition, 2021, 21(2): 1542-1551

WA AN [v) ot RS B Wi 3R AR ) A B 2 22 S F 5
[D]. J7H: BRI R, 2018: 30-31

Chen A Y. The mechanisms of physiological difference of
arsenic uptake and accumulation in different cultivars of
Chinese flowering cabbage (Brassica parachinensis L.)
[D]. Guangzhou: Jinan University, 2018: 30-31 (in Chi-
nese)

Kieffer P, Planchon S, Oufir M, et al. Combining pro-
teomics and metabolite analyses to unravel cadmium
stress-response in poplar leaves [J]. Journal of Proteome
Research, 2009, 8(1): 400-417

Singh R, Parihar P, Prasad S M. Simultaneous exposure of
sulphur and calcium hinder As toxicity: Up-regulation of
growth, mineral nutrients uptake and antioxidants system
[J]. Ecotoxicology and Environmental Safety, 2018, 161:
318-331

Singh R, Parihar P, Prasad S M. Sulfur and calcium sim-
ultaneously regulate photosynthetic performance and ni-

trogen metabolism status in As-challenged Brassica juncea

(53]

[54]

[56]

(58]

[59]

[61]

L. seedlings [J]. Frontiers in Plant Science, 2018, 9: 772
Dang F, Wang W X, Zhong H, et al. Effects of phosphate
on trace element accumulation in rice (Oryza sativa L.): A
S-year phosphate application study [J]. Journal of Soils
and Sediments, 2016, 16(5): 1440-1447

Liu X, Feng H Y, Fu J W, et al. Arsenic-induced nutrient
uptake in As-hyperaccumulator Pteris vittata and their po-
tential role to enhance plant growth [J]. Chemosphere,
2018, 198: 425-431

Sandil S, Ovari M, Dobosy P, et al. Effect of arsenic-con-
taminated irrigation water on growth and elemental com-
position of tomato and cabbage cultivated in three differ-
ent soils, and related health risk assessment [J]. Environ-
mental Research, 2021, 197: 111098

X4l &/NFE SRS Y N Y H A SE[D]. 2t
DL AR ARl R A, 2008: 43-45

Liu Q J. Comparision of responses of winter wheat ( Triti-
cum aestivum L.) and rape (Brassica napus) to arsenic
stress pollution [D]. Wuhan: Huazhong Agricultural Uni-
versity, 2008: 43-45 (in Chinese)

I AR BRI 5 T Gl X KRS A R B R e B AL
HHFFE[D]. DL ARl K2, 2015: 53-63

Su F. Effect of arsenic and glyphosate combined pollution
on rice growth and its mechanism [D]. Wuhan: Huazhong
Agricultural University, 2015: 53-63 (in Chinese)
Budzynska S, Krzestowska M, Niedzielski P, et al. Arse-
nate phytoextraction abilities of one-year-old tree species
and its effects on the nutritional element content in plant
organs [J]. International Journal of Phytoremediation,
2019, 21(10): 1019-1031

AU, TN, R T, A T 2 R SRR
K GZEMEFRICR AR K RBIT[I]. Bk,
2018, 27(2): 79-87

LiJ B, Li S G, Song G L, et al. Arsenic absorption char-
acteristics and relationships between arsenic absorption
and nutrient accumulation in stems and leaves of two
ryegrass species under arsenic stress [J]. Acta Pratacultu-
rae Sinica, 2018, 27(2): 79-87 (in Chinese)

sk XU, BRI, AR, BE T 7R A S P S e Al
T M OHR 3 IR O R i A S [T]. R Bl AR,
2020, 26(5): 18-21

Zhang F L, Yao D, Yang Z G. The migration and transfor-
mation process of arsenic and its effect on nutrient content
in lettuce under arsenic stress [J]. Anhui Agricultural Sci-
ence Bulletin, 2020, 26(5): 18-21 (in Chinese)

Aslan S, Ozturk M, Demirbas A. Evaluation of arsenic

and nutrients uptake of tomato plant at various arsenic



204 Ao #F O OH ¥ Mt 19 &
concentrations of irrigation waters [J]. Communications in [70] #h5iE, $R, F&E, &, M xtE ¥ PS I 2h2
Soil Science and Plant Analysis, 2021, 52(19): 2388-2400 BOMYGHE B 2 1), B B TR B4R, 2022, 41(4):
[62] XulY, Li H B, Liang S, et al. Arsenic enhanced plant 23-28, 36
growth and altered rhizosphere characteristics of hyperac- Zhong Z Y, Hu L, Wang X L, et al. Effects of arsenic
cumulator Pteris vittata [J]. Environmental Pollution, stress on PS I fluorescence parameters and light response
2014, 194: 105-111 of Lemna minor L. [J]. Journal of Nanchang Institute of
[63] Fissler E, Evangelou M W, Robinson B H, et al. Effects Technology, 2022, 41(4): 23-28, 36 (in Chinese)
of indole-3-acetic acid (IAA) on sunflower growth and [71] RHEAR, #SCIR. KRSIUR CO, Ina i Az 3 A 28 5500
heavy metal uptake in combination with ethylene diamine [J]. B A AR, 2002, 13(4): 429-432
disuccinic acid (EDDS) [J]. Chemosphere, 2010, 80 (8): Zhu S D, Xu W J. Ecophysiological effects of CO, en-
901-907 richment on bottle gour in plastic house [J]. Chinese Jour-
[64] THINEE, EiHEIR, 224, & M0~ A E 6 s £ 6 nal of Applied Ecology, 2002, 13 (4): 429-432 (in Chi-
IHEM NI KR SHURABER R [I]. L BF M, nese)
2015, 35(10): 3214-3224 [72] Tripathi R D, Srivastava S, Mishra S, et al. Arsenic haz-
Hu Y J, Wang H J, Wang H B, et al. The relationship be- ards: Strategies for tolerance and remediation by plants
tween endogenous auxin and antioxidative enzymes in [J]. Trends in Biotechnology, 2007, 25(4): 158-165
two plants with different arsenic-accumulative ability un- [73] k&S, W3S &Yt A P A Ak KA ) R
der arsenic stress [J]. Acta Ecologica Sinica, 2015, 35(10): M [D]. b Hp B b B R 2# (), 2022: 20-36
3214-3224 (in Chinese) Zhang Y Y. Effects of arsenic compounds on physiology,
[65] HFtEE, Vi g, BRIt 45 5 E T R ke iR biochemistry and bioaccumulation of lettuce [D]. Beijing:
240 12 m[J]. H 24k, 1989, 31(9): 702-707 China University of Geosciences (Beijing), 2022: 20-36
Yang D H, Xu C H, Zhao F H, et al. The effect of cadmi- (in Chinese)
um on photosystem II in spinach chloroplasts [J]. Journal [74] h3m, EiEIF, S, S5 X5 /N2 BB AR K 5 S
of Integrative Plant Biology, 1989, 31 (9): 702-707 (in AP BEPE I T [T]. ARl PR EE 22223, 2022, 41(8):
Chinese) 1660-1670
[66] Dawson S P, Dennison W C. Effects of ultraviolet and Ma R, Wang H F, Lu J, et al. Effects of arsenic on wheat
photosynthetically active radiation on five seagrass species seedling growth and corresponding agronomic measures
[J]. Marine Biology, 1996, 125(4): 629-638 for toxicity mitigation [J]. Journal of Agro-Environment
671 R4, Tk R, kot ALY 6A 1 LIl [T]. Science, 2022, 41(8): 1660-1670 (in Chinese)
HH AR B 15, 1992, 28(4): 237-243 (751 5K Je, B, SRS, A AN R K b A
Xu D Q, Zhang Y Z, Zhang R X. Photoinhibition of pho- VAT 43 A Ko AR RO R (7], A9 AR B3R, 2021, 57
tosynthesis in plants [J]. Plant Physiology Communica- (4): 815-826
tions, 1992, 28(4): 237-243 (in Chinese) Zhang J L, Huang Y, Wu L F, et al. Subcellular distribu-
[68] XU4T, PhRL, BHARZE, 45 /N R R FDE S tion and physiological response of arsenic and phosphorus
FHERHE RIS D], 24352547, 2009, 29(2): 854-859 in Typha angustifolia at different phenological stages [J].
Liu Q J, Sun X C, Hu C X, et al. Growth and photosyn- Plant Physiology Journal, 2021, 57(4): 815-826 (in Chi-
thesis characteristics of wheat ( Triticum aestivum L.) un- nese)
der arsenic stress condition [J]. Acta Ecologica Sinica, [76] ZA5F, BRAEZE, FRIE, S5, BT PR L Ah £ T A KT
2009, 29(2): 854-859 (in Chinese) FALBE IS [I]. LA ERF 2R, 2015, 34(2): 221-
(691 SREf%, ZAE2E2E, B, A5 BB 0 0 A [a] 0 26
A CRAM SRR IOCEEN R[], ST AR, Li D Q, Chen G K, Zheng H, et al. Effects of cadmium on
2015, 10(3): 216-223 growth and antioxidant enzyme activities of two kidney
WuM L, Li H H, Jia Y Y, et al. Influence of arsenic bean (Phaseolus vulgaris L.) cultivars [J]. Journal of Ag-
stress on the photosynthetic pigments and chlorophyll flu- ro-Environment Science, 2015, 34(2): 221-226 (in Chi-
orescence characteristics of different tobacco cultivars [J]. nese)
Asian Journal of Ecotoxicology, 2015, 10(3): 216-223 (in [77] T Jip 200 % e A e 4 A T 0

Chinese)

S, WEI, B, %
(O BE IR, SR 2412 5

A2, 2017, 36(12): 5289-



41

AERRAE AR A BRI A B A AL S R 5 AL 20k 205

[78]

[79]

[80]

(81]

(82]

[83]

[84]

[85]

(86]

5295

Meng M, Huang X F, Li L, et al. Effects of arsenic stress
on activities of antioxidant enzymes of Eucalyptus [J].
Genomics and Applied Biology, 2017, 36(12): 5289-5295
(in Chinese)

BT, B, RN, SF. P30 R i A i AR AR
25 L AN 43 A6 B RE R [T]. AR ASIRBE 3, 2021, 30
(5): 1042-1050

Zhang J L, Huang Y, Wu L F, et al. As subcellular distri-
bution and physiological response of Typha angustifolia
L. to As exposure [J]. Ecology and Environmental Sci-
ences, 2021, 30(5): 1042-1050 (in Chinese)

Tiwari S, Sarangi B K. Comparative analysis of antioxi-
dant response by Pteris vittata and Vetiveria zizanioides
towards arsenic stress [J]. Ecological Engineering, 2017,
100: 211-218

WaJE o, B, i, Cd 5 Y XA A B AR AL Y 52
W [T]. AL FREEARS, 1995, 14(5): 193-197

Yang J R, He J Q, Jiang W R. Effects of Cd pollution on
the physiology and biochemistry of plant [J]. Agricultural
Environmental Protection, 1995, 14(5): 193-197 (in Chi-
nese)

FAFAG. BORS AN () ik R 2 7 A AR AR 4 5 0 F
FE[D]. KA thpil R4z, 2019: 19-20

Zhang Y X, Chai T Y, Gérard B. Research progress on
mechanisms of heavy metal tolerance in plants [J]. Acta
Botanica Sinica, 1999, 41(5): 453-457

MeA, EHEE X =8, & LIPS
FOES AT FE[9]. WAL AL 2317, 1999, 22(3):
28-30, 55

Wei X Y, Wang X M, Liu Y H, et al. The study of the ad-
sorptive behaviour of arsenic in soil and its form distribu-
tion [J]. Journal of Agricultural University of Hebei, 1999,
22(3): 28-30, 55 (in Chinese)

T, ARAE, BRAETE, SRR R W S5 AR PR
Y5 HAE BRI ST E R (7], L B 412, 2022, 53(5):
1212-1219

Ding N, Lin H, Zhang X H, et al. Interaction mechanism
between root secretion and rhizosphere microorganisms:
A review [J]. Chinese Journal of Soil Science, 2022, 53
(5): 1212-1219 (in Chinese)

Beesley L, Inneh O S, Norton G J, et al. Assessing the in-
fluence of compost and biochar amendments on the mob-
ility and toxicity of metals and arsenic in a naturally con-
taminated mine soil [J]. Environmental Pollution, 2014,
186: 195-202

Wang S L, Mulligan C N. Effect of natural organic matter

(87]

(89]

[90]

1]

92]

93]

[96]

7]

on arsenic release from soils and sediments into groundw-
ater [J]. Environmental Geochemistry and Health, 2006,
28(3): 197-214

RF, BIH, W, SF AR R S WA R LR 1 30 Y
WoTHE R[], EAOE RN J: 4], 2023, 25(7): 12-20
Wu X, Li J, Cao Y, et al. Research advances on plant root
exudates in response to cadmium stress [J]. Journal of
Agricultural Science and Technology, 2023, 25(7): 12-20
(in Chinese)

Bindraban P S, Dimkpa C O, Pandey R. Exploring phos-
phorus fertilizers and fertilization strategies for improved
human and environmental health [J]. Biology and Fertility
of Soils, 2020, 56(3): 299-317

Lee C H, Wu C H, Syu C H, et al. Effects of phosphorous
application on arsenic toxicity to and uptake by rice seed-
lings in As-contaminated paddy soils [J]. Geoderma,
2016, 270: 60-67

TP B, AR g b B B Ak B AL 1 SRS A 5
[D]. B &AL MK, 2021: 5-8

Yin D X. The mechanism of arsenic mobility and trans-
formation in paddy soils with in-situ sensor techniques
[D]. Nanjing: Nanjing University, 2021: 5-8 (in Chinese)
Jeong Y, Fan M H, van Leeuwen J, et al. Effect of com-
peting solutes on arsenic( V') adsorption using iron and a-
luminum oxides [J]. Journal of Environmental Sciences
(China), 2007, 19(8): 910-919

Lafferty B J, Ginder-Vogel M, Sparks D L. Arsenite oxi-
dation by a poorly-crystalline manganese oxide. 3. Arse-
nic and manganese desorption [J]. Environmental Science
& Technology, 2011, 45(21): 9218-9223

Fisher J C, Wallschliger D, Planer-Friedrich B, et al. A
new role for sulfur in arsenic cycling [J]. Environmental
Science & Technology, 2008, 42(1): 81-85

Das S, Chou M L, Jean J S, et al. Arsenic-enrichment en-
hanced root exudates and altered rhizosphere microbial
communities and activities in hyperaccumulator Pteris vit-
tata [J]. Journal of Hazardous Materials, 2017, 325: 279-
287

Frémont A, Sas E, Sarrazin M, et al. Phytochelatin and
coumarin enrichment in root exudates of arsenic-treated
white lupin [J]. Plant, Cell & Environment, 2022, 45(3):
936-954

ZuY Q,Li Z R, Mei X Y, et al. Transcriptome analysis of
main roots of Panax notoginseng identifies genes involved
in saponin biosynthesis under arsenic stress [J]. Plant
Gene, 2018, 16: 1-7

Hinsinger P, Plassard C, Jaillard B. Rhizosphere: A new



206 £ 0F # M ¥ 19 %
frontier for soil biogeochemistry [J]. Journal of Geochem- Gao P. Response characteristics of non-rhizosphere, rhizo-
ical Exploration, 2006, 88(1-3): 210-213 sphere and endophytic microorganisms of Pteris vittata to

98] ToLH, ZEW, TE&E, . AR PRE A 5% W4 arsenic pollution in soil [D]. Shanghai: Donghua Univer-
TR 46 KA R AR AR (0], P E BR LR, 2021, 43 sity, 2022: 30-43 (in Chinese)

(4): 198-204 [106] Bai J F, Lin X G, Yin R, et al. The influence of arbuscu-
Wang Y C, Li J, Wang Y F, et al. Study on different rhi- lar mycorrhizal fungi on As and P uptake by maize (Zea
zosphere growth-promoting bacteria on agronomic char- mays L.) from As-contaminated soils [J]. Applied Soil E-
acters and heavy metal cadmium and arsenic enrichment cology, 2008, 38(2): 137-145

of flax [J]. Plant Fiber Sciences in China, 2021, 43 (4): [107] #ACHT. AR PR+ HE—GAE P —BR A B R 25 v il i T &%
198-204 (in Chinese) FEAL SR AEHLRID]. R R B0ASE, 2017: 44-46

[99] Mondal S, Pramanik K, Ghosh S K, et al. Unraveling the Han Y H. Mechanisms of arsenic transformation and de-
role of plant growth-promoting rhizobacteria in the allevi- toxification in the rhizosphere soil-microorganism-Pteris
ation of arsenic phytotoxicity: A review [J]. Microbiologi- vittata system [D]. Nanjing: Nanjing University, 2017: 44-
cal Research, 2021, 250: 126809 46 (in Chinese)

[100] Huang K, Chen C, Zhang J, et al. Efficient arsenic methy- [108] Cheng C, Nie Z W, He LY, et al. Rice-derived facultative
lation and volatilization mediated by a novel bacterium endophytic Serratia liquefaciens F, decreases rice grain ar-
from an arsenic-contaminated paddy soil [J]. Environmen- senic accumulation in arsenic-polluted soil [J]. Environ-
tal Science & Technology, 2016, 50(12): 6389-6396 mental Pollution, 2020, 259: 113832

[101] Kuramata M, Sakakibara F, Kataoka R, et al. Arsenic bio- [109] Mahieu S, Frérot H, Vidal C, et al. Anthyllis vulneraria/
transformation by Streptomyces sp. isolated from rice rhi- Mesorhizobium metallidurans, an efficient symbiotic ni-
zosphere [J]. Environmental Microbiology, 2015, 17(6): trogen fixing association able to grow in mine tailings
1897-1909 highly contaminated by Zn, Pb and Cd [J]. Plant and Soil,

[102] Mallick I, Bhattacharyya C, Mukherji S, et al. Effective 2011, 342(1): 405-417
rhizoinoculation and biofilm formation by arsenic immo- [110] Chhetri G, Kim I, Kang M, et al. Devosia rhizoryzae sp.
bilizing halophilic plant growth promoting bacteria (PG- nov., and Devosia oryziradicis sp. nov., novel plant
PB) isolated from mangrove rhizosphere: A step towards growth promoting members of the genus Devosia, isolated
arsenic rhizoremediation [J]. The Science of the Total En- from the rhizosphere of rice plants [J]. Journal of Micro-
vironment, 2018, 610-611: 1239-1250 biology, 2022, 60(1): 1-10

[103] Ghosh P K, Maiti T K, Pramanik K, et al. The role of ar- [111] Das S, Chou M L, Jean J S, et al. Water management im-
senic resistant Bacillus aryabhattai MCC3374 in promo- pacts on arsenic behavior and rhizosphere bacterial com-
tion of rice seedlings growth and alleviation of arsenic munities and activities in a rice agro-ecosystem [J]. The
phytotoxicity [J]. Chemosphere, 2018, 211: 407-419 Science of the Total Environment, 2016, 542 (Pt A): 642-

[104] Das S, Jean J S, Chou M L, et al. Arsenite-oxidizing bac- 652
teria exhibiting plant growth promoting traits isolated [112] Drewniak L, Ciezkowska M, Radlinska M, et al. Con-
from the rhizosphere of Oryza sativa L.: Implications for struction of the recombinant broad-host-range plasmids
mitigation of arsenic contamination in paddies [J]. Journal providing their bacterial hosts arsenic resistance and arse-
of Hazardous Materials, 2016, 302: 10-18 nite oxidation ability [J]. Journal of Biotechnology, 2015,

[105] oM. whtia v AR AR bR AR B B P9 A o A ) o £ e fe 75 196-197: 42-51 .

YLy RAFAERFZE[D]. i ARAE KA, 2022: 30-43



